Using a difference-in-difference approach, we study how intellectual property right (IPR) protection affects innovation in China in the years around the privatizations of state-owned enterprises (SOEs). Innovation increases after SOE privatizations, and this increase is larger in cities with strong IPR protection. Our results support theoretical arguments that IPR protection strengthens firms' incentives to innovate and that private sector firms are more sensitive to IPR protection than SOEs.
Introduction
Harkening back to Schumpeter (1934) , the literature on law and finance argues that effective legal and financial institutions lead to better economic outcomes (e.g., King and Levine (1993) ; La Porta, Lopez-de-Silanes, Shleifer, and Vishny (1998) ; Rajan and Zingales (1998) ).
But China's rapid economic growth in the past thirty years raises questions about this view. As Allan, Qian, and Qian (2005) point out, China has achieved the fastest sustained growth in history despite having poor legal and financial institutions. This suggests that, at least in the case of China, good institutions may not be necessary for economic development.
In this paper, we reexamine the importance of institutions in China's development by focusing on innovation, an activity that Schumpeter identified as critical to economic change. In this context, institutional quality is gauged by the strength of intellectual property right (IPR) protection. Specifically, we shed light on the following three questions:
1. Where has China's innovation taken place: in state-owned enterprises (SOEs) or in private sector firms? 2. Are legal institutionsin particular, IPR protectionimportant for innovation within China?
3. If so, are SOEs or private sector firms more sensitive to IPR protection?
China's ability to innovate is not only an interesting and relevant question for economists, but also a timely matter of first-order policy importance to the Chinese. It is widely accepted that, since China's economic reforms of the late 1970s, the country's economic development has largely relied on cheap labor and investments in physical infrastructure. But as China's labor costs have surged and growth rates have declined in recent years, this investment-driven model based on low costs has been widely seen as obsolete. China's top leaders are promoting innovation as the key to the country's sustained economic growth: for instance, in the 13 th Five-Year Plan released in March 2016, innovation was listed as the first guiding principle of economic policy. 2 But the extent to which the state can drive innovation without sound institutions and economic incentives remains in question.
There are two competing hypotheses about where innovation is likely to take place and the importance of IPR protection in China. Entrepreneurs' incentives to innovate-what Schumpeter terms the "entrepreneurial spirit"depend on their ability to capture the profit from innovation, which in turn depends on IPR protection and institutions such as the patent system.
The danger of ex post expropriation as a result of poor IPR protection will deter innovation, consistent with arguments in Nelson (1959) and Arrow (1962) . This line of reasoning concludes that, in China, precisely because private firms face a high risk of expropriation, institutional quality such as IPR protection standards should be particularly important for innovation in the private sector. We call this the "Schumpeterian view."
On the other hand, despite the country's poor record of IPR protection, China has in recent years become the most prolific patent-filing country in the world. 3 One explanation for this paradox is that in the absence of legal protection, state ownership acts as an alternative mechanism, giving state-owned firms both incentives (or directives) for innovation and protection against expropriation. SOEs in China, in fact, have a two-tiered defense against expropriation: through administrative measures by the government (the firms' owners), and through the courts, which are often biased in their favor (Snyder (2012) ). This explanation suggests that China's innovation should be led by the SOEs, and because they rely on the state, 2 See http://www.apcoworldwide.com/docs/default-source/default-document-library/Thought-Leadership/13-fiveyear-plan-think-piece.pdf?sfvrsn=2 (accessed April 27, 2016) for information on and analyses of the most recent Five-Year Plan. Five-year plans are China's top policy blueprints containing its social, economic, and political goals. As the name suggests, each plan covers a five-year period. The 13 th Five-Year Plan (the most recent) covers 2016 to 2020. 3 World Intellectual Property Indicators 2014 from the World Intellectual Property Organization, http://www.wipo.int/edocs/pubdocs/en/wipo_pub_941_2014.pdf (accessed April 6, 2016). institutions such as IPR protection do not matter much. We call this the "alternative mechanisms view."
To test these hypotheses, we compare firm-level innovation (based on patent activity) of SOEs and private firms across Chinese cities with varying levels of IPR protection. We do not, however, undertake a simple cross-sectional comparison, because doing so raises two endogeneity concerns. First, SOEs and private firms are inherently different: their geographic and industry distribution is non-random and may be related to the quality of local IPR protection.
Second, even the quality of local IPR protection itself can be an endogenous outcome of local innovative activities (and hence demand for IPR protection), rather than having a causal effect on innovation.
To address these empirical challenges, we exploit China's privatizations of SOEs as an identification method. The idea is that the privatization events result in a sharp change in the firms' ownership structure and state affiliation, while keeping other firm attributes fixed. We can therefore compare the rates of innovation before and after the change in ownership within the same firm. By studying this before-and-after difference in innovation rates across firms in regions with varying local IPR protection standards, we can identify the joint effect of ownership type and IPR protection. In essence, these events allow us to use a difference-in-difference method.
For SOE privatizations to be a valid identification instrument, however, it is crucial that these events be exogenous to the innovation process. 4 Our identification approach would be problematic, for example, if innovative firms and entrepreneurs felt shackled by state ownership and initiated privatizations precisely in order to engage in more innovation. Fortunately, this concern is allayed by China's political economic history. SOE privatizations and restructurings 4 Fan, Wong, Zhang (2013) discusses the endogenous nature of state ownership structure.
were key policy initiatives of China's top leaders from 1996 to 2005 (the ten-year period covering the 9 th and 10 th Five-Year Plans). This policy drive led to a massive and sweeping privatization wave, which by some estimates ultimately privatized two-thirds of the state sector (Gan (2009) ). The overarching goal of these privatizations was to increase the efficiency of China's vast state sector and to transition the country from central planning to a market orientation. By way of contrast, innovation became a policy focus quite recently.
We document three main findings. First, innovation increases significantly after firms are privatized. On average, firms' patent stock increases by 200%-300% in the five years after privatization compared to the five years before. Second, the increase in innovation is significantly larger in cities with high IPR protection than in cities with low IPR protection. A one standard-deviation increase in local IPR protection score nearly quadruples the postprivatization increase in patent stock. We confirm these findings not only in privatizations, but also in a few hundred cases of the opposite type of ownership change: i.e., nationalizations.
Third, we find evidence that patents of private sector firms are cited more often and have a greater international presencein other words, are of higher qualitythan patents of SOEs, suggesting that the increase in patent filings is not a consequence of "window dressing." In sum, our evidence is strongly supportive of the Schumpeterian view that institutions matter, even in China. It is inconsistent with the alternative mechanisms view.
We believe our paper makes two key contributions to the literature and to the policy discussion. First, we contribute to the empirical literature on the relationship between IPR protection and innovation, and more broadly, on institutions and growth. Many papers in the existing literature are based on cross-country evidence, which is subject to endogeneity concerns and unobservable heterogeneity. By focusing within one country and using the unique identification strategy afforded by the privatization events, our paper improves on and adds to the existing empirical evidence.
Our second key contribution is to the policy discussion. China's stellar economic growth in the last thirty years has led some scholars to argue that the nation is an exception rather than the rule when it comes to economic development. For instance, Allen, Qian, and Qian (2005) propose that instead of formal institutions, China's economic development is supported by informal mechanisms such as trust and relationships. Our evidence in this paper shows that there is a limit to this argument. When it comes to innovation, institutional quality does matter, and it particularly matters to private sector innovation, the source of more impactful and important technological advancement. Our evidence suggests that the success of the current efforts by Chinese policymakers to shift to an innovation-driven economy will depend on building more robust institutions. 5
I. Data and Descriptive Statistics

A. IPR Protection in China
China began formal recognition and protection of IPR in 1980, when it became a member of the World Intellectual Property Organization. It patterned its IPR law on the Berne Convention for the Protection of Literary and Artistic Works and the Agreement on Trade-Related Aspects of Intellectual Property Rights. The letter of the law governing IPR is consistent with international standards and is the same across the entire country. In practice, however, 5 Our conclusion is broadly consistent with and related to that of Aghion, et al. (2015) , which studies a comprehensive sample of medium-and large-sized firms in China and concludes that industrial policies that foster competition enhance productivity growth. Both that paper and ours indicate the importance of market-based mechanisms for China's future productivity growth. evidence abounds that China generally has a poor record on IPR protection and that significant variations exist across regions in their interpretation and enforcement of IPR law. The average firm size in our unlisted sample is 65 million RMB in total assets (roughly 8 million USD based on an exchange rate of 1 USD = 8 RMB, approximately the prevailing rates between 2002 and 2006, the peak of the privatization wave), and 1.2 billion RMB (roughly 150 million USD) in total assets in the listed sample (details of our firm sample is discussed in Section 1.C.) Given the small firm size, international filing would be very rare, though we do not have detailed statistics. 9 Keller (2002) argues that technology is largely local, not global, as he shows that the benefits from technology spillovers decline with distance. economic outcomes. They examine the plaintiffs' win rates in IPR lawsuits across Chinese provinces, and find that this rate ranges from 25% to 87%, a large variation given the null of 50% predicted by theory (Priest and Klein (1984) ). 10 They show that this regional variation in IPR protection is related to firms' financing choices, R&D investments, and patenting. Hsu, Wang, and Wu (2013) show that local IPR protection reduces piracy and enhances firm value.
Measuring the quality of IPR protection and relating it to innovation is challenging, however, because many obvious types of IPR protection measures suffer from reverse causality concerns. For example, measures based on the existence and provisions of IP laws or the quantity of legal professionals are subject to the concerns that laws and the legal profession evolve endogenously in response to firms' demands for IPR protection, rather than causing innovation. In any event, measures based on legal provisions are infeasible in our context, as our goal is to measure local IPR protection within a single country which has no variation in the letter of the law. Ang, Cheng, and Wu (2014) construct two novel measures of regional IPR protection in China, one based on plaintiff win rates in provincial courts and another based on the frequency of media mentions of IPR in Chinese official newspapers. But these measures are difficult to interpret 11 and raise reverse causality concerns.
To overcome these difficulties, we use a survey-based prefecture level IPR index published by the Chinese Academy of Social Sciences (CASS), the leading research institution on social and economic issues in China. Between 2002 and 2011, 12 the CASS published an 10 Priest and Klein (1984) argue that a plaintiff's decision to litigate is endogenous and takes into account the costs and benefits of litigation. Consequently, the win rates in all courts, whether pro-plaintiff or pro-defendant in orientation, should converge to 50%. 11 For instance, a higher plaintiff win rate could indicate more severe IPR infringements rather than better protection, and more frequent media mentions could also reflect more IPR violations. 12 The CASS continued to publish annual Urban Competitiveness Reports after 2011, but used a different methodology. To maintain data consistency, our analysis uses data up to 2011. In robustness checks, we find our results to be qualitatively and quantitatively very similar if we extend the sample through 2013. Specifically, it asks the respondents to rate from 5 (best) to 1 (worse) three areas relating to local IPR enforcement:
1) The length of time it takes for courts to resolve IP disputes,
2) The cost of resolving the dispute as a percentage of the value of the IP under dispute,
3) The fairness of court decisions.
The responses to each of the three questions from each prefecture are aggregated as follows:
where w 1w 5 are the proportion of responses from 1 to 5, respectively. The responses to the three questions are then averaged, and based on this average, a prefecture's final IPR score is calculated as follows:
13 A prefecture is an administrative division, ranking below a province and above a county in China's administrative structure. A prefecture is larger than a "city" in the usual sense of the term (i.e., a continuous urban settlement). It is an administrative unit comprised of a main central urban area (usually with the same name as the prefecture) and its larger surrounding rural area, containing many smaller cities, towns, and villages. 14 Mainland China has 31 provincial-level entities, including four provincial-level municipalities (Beijing, Tianjin, Shanghai, and Chongqing), and five autonomous regions. The four provincial-level municipalities are each considered as a prefecture for the purposes of this analysis. The six provinces/regions that are not in the survey are Gansu, Guizhou, Qinghai, Ningxia Hui Autonomous Region, Xingjian Uyghur Autonomous Region, and Tibet Autonomous Region.
where max(Prefecture Average Response) is the maximum response across all 66 prefectures.
Therefore, the ultimate score reflects a percentage of the highest score.
The advantage of this survey-based measure is that it directly reflects the perceived quality of IPR protection, which affects the incentives to innovate. 15 Figure 1 provides a provincial map of China and shows the regional variations in IPR protection. Our data are at the prefecture level, but we aggregate the data to the province level here for ease of presentation. Thus, the map does not fully represent the heterogeneity in the data.
But even at this coarse level, we see significant variations across regions. Unsurprisingly, coastal areas, such as Shanghai, Jiangsu, and Zhejiang, have the highest levels of IPR protection. But there are notable exceptions. For example, Guangdong Province, which is one of the most developed regions with the highest per capita GDP, is not among the group of provinces with the highest IPR protection scores, while inland, poorer provinces such as Anhui and Guangxi are. In our empirical analysis, we control for provincial fixed effects to remove any region-level effects. Table 1 provides summary statistics of the IPR protection data aggregated at the province level. The 25 provinces in the sample are listed in ascending order of the average IPR score. The table reveals significant time series and cross-section variation in local IPR scores. Take Shanghai, for instance. Since it is a single prefecture, the variation in its IPR score is a function of time only. The table shows that its highest score was 1, meaning it was the prefecture with the 15 We calculated the correlation between our survey-based measure and the two provincial-level measures used by Ang, et al. (2014) . We find that the correlation between our measure and plaintiff win rate measures is 18% and the correlation between our measure and the media-based measure is 35%, both significantly different from zero. Our results are robust to using these alternative measures.
highest raw score (this was achieved in 2007), and its lowest score was 0.69 (this occurred in 2006). There are also significant variations across prefectures within the same province. For instance, Jiangsu Province has an average IPR score of 0.76, ranking second highest among all provinces. Its highest score was also 1 (obtained by Wuxi City in 2005) and its lowest score was 0.42 (Changzhou City in 2003) . It might be conjectured that IPR scores are highly correlated with a region's coastal status. However, this conjecture overlooks the heterogeneity within provinces. While the correlation between the mean (maximum) IPR score and the coastal status of a province is 0.68 (0.48), the correlation between the minimum IPR score in a province and the coast status is only 0.12. Thus, even in wealthy coastal provinces with relatively high average IPR scores, there are prefecture-years where IPR score is low. This richness in the IPR data is ideal for our identification strategy, which relies on SOE privatizations that occur in many different prefectures and over a decade. Figure 2 depicts the mean IPR trend over our sample period. We use the median in each
year to divide the sample into a "high IPR" and a "low IPR" group and plot the means of each group. Since the IPR score is a percentage of the highest score, the mean indicates whether various prefectures are converging to the "best," or diverging from it. It is interesting to note that the mean of both groups steadily rose between 2002 and 2009, but declined slightly afterwards.
This means that while perceived IPR protection quality has generally increased and converged across prefectures, the trend shows some sign of reversing.
B. Patents
We use patents to measure firm-level innovation. Equating patents to innovation is clearly imperfect, as noted by the literature on innovation. For example, Jaffe and Lerner (2004) document numerous problems in the U.S. patent system in the last two decades, including trivial patents being awarded and companies hoarding patents to engage in abusive, anti-competitive behaviors. More recent empirical evidence has shown that strong IPR protection can encourage patent assertion entities (colloquially known as "trolls") who deter subsequent innovation (e.g., Cohen, Gurun, and Kominers (2016) ; Williams (2013)). Despite their limitations, patents remain a standard measure of innovation. Moreover, many of the recent problems documented in the U.S. are likely confined to highly evolved patent systems, unlike China.
We manually collect patent data for Chinese firms from the website of the Chinese State
Intellectual Property Office (CSIPO), China's counterpart to the United States Patent and
Trademark Office (USPTO). 16 The Chinese patent application procedure is similar to that in the U.S. and Europe. Before filing an application, the applicant is encouraged to search existing patent and publication databases to ensure the novelty of the application. After undertaking its own examination, the CSIPO grants two types of patents for innovation: invention and utility. 17
Invention patents have the highest innovative content, as they cover novel technologies. Utility patents cover new applications of existing technologies. The innovative content in each type of patent is reflected in the length of time required to obtain the patent. Invention patents involve two rounds of officer examination (preliminary and detailed examinations) lasting 18 to 36 months. Utility patents require one round of examination that lasts from three to six months.
Statistics from 2012 indicate that the application success rates are 33% and 77%, respectively, for innovation and utility patents. 18 16 http://epub.sipo.gov.cn/gjcx.jsp (accessed May 2, 2016). 17 There is a third patent category, design patents. These patents cover novel packaging and design. For the purpose of this study, we focus only on invention and utility patents. 18 For more information, see the CSIPO website (accessed May 2, 2016), http://epub.sipo.gov.cn/gjcx.jsp.
Following prior work (e.g., Griliches (1984) ; Hall (1993) ; Hall, Jaffe and Trajtenberg (2005) ), to reflect the long-term nature of patent assets, we construct the patent stock measure as follows:
 is the rate of depreciation of the patent stock, which is set to 15% in accordance with prior work, and  is the ultimately granted patents applied for by firm i in year t. Organization and fully implemented the revisions of its IPR legal framework, thus significantly strengthening its IPR protection.
C. SOE Privatizations
In China's transformation from a centrally planned economy to a market-oriented one, the country experienced the largest wave of SOE privatization in history (Gan (2009) ). Largescale SOE privatizations began in the mid-1990s as part of broad economic reforms outlined in the 9 th and 10 th Five-Year Plans. Gan, Guo, and Xu (2008) These sweeping privatizations were part of China's overall economic reform, rather than the result of a desire to enhance innovation. Figure 4 supports this notion. We searched the key words "privatization" and "innovation" in all official provincial ("Daily") newspapers between 2000 and 2013. 19 In China, the media are strictly controlled by the state. While the central Chinese Communist Party (CCP) has the ultimate control over all newspapers, each provincial government controls the local media and publishes three types of newspapers. The first is the "Daily," which is directly owned by the provincial CCP committee and whose editorial policies are strictly supervised by CCP officials: for example, the "Beijing Daily" and the "Henan Daily"
are the official publications of those province-level governments. The second type of newspaper is the "Evening" publication, which is owned by a CCP committee but enjoys substantially more editorial autonomy than the "Daily. controlled by the state. 20 In this hierarchical and strictly controlled system, a search in the "Daily" papers yields a clear indication of the policy focus at various points of time.
The graph shows two distinct waves of policy focus. Reflecting the historical fact that the privatization wave occurred before the focus on innovation, we see that "privatization" enjoyed a surge in media mentions before 2005 and then subsided. In contrast, there is a surge in the media mentions of "innovation" after 2011. Between 2000 and 2013, we found only 55 articles that mention both key words "privatization" and "innovation," all of which appeared in the years between 2011 and 2013 (as noted above, our SOE privatization sample ends in 2011).
Thus, for the purpose of analyzing innovation, SOE privatizations provide a largely exogenous change to the ownership structure, which allows us to make a causal inference about the relation between ownership type and innovation. If ownership type affects firms' incentives to innovate, then the before-and-after change in innovation as a result of SOE privatizations should be a clean indication of that effect. In addition, if private firms are more sensitive to IPR protection, then the before-and-after change in innovation should be larger for privatizations that occurred in prefectures with stronger IPR protection (i.e., a difference-in-difference approach).
To construct a comprehensive sample of SOE privatizations, we rely on two leading corporate datasets on Chinese firms. The first is CSMAR/WIND, a dataset similar to (and, (2011)).
Identifying privatizations among the listed sample from CSMAR is relatively straightforward. Since 2001, Chinese listed firms are required to report their ownership (equity) structure. Following prior literature (e.g., Wang, Wong, and Xia (2008)), we define a company as state-owned if its largest ultimate shareholder is a government entity, which can either be the central government (e.g., the Ministry of Finance) or local governments. Otherwise, we define the company as a private enterprise (i.e., if the largest ultimate owner of these firms is either an individual-we aggregate individual investors who are family members-or a private institutional investor). We identify SOE privatizations by comparing changes of ownership status between two consecutive years. On average, government ownership was 43.1% of firms' equity in the five years before the privatizations; in the five years after, the average state ownership was 23.0%.
To identify privatizations of unlisted companies from the Chinese Industrial Enterprises Database, we first construct complete firm histories from the dataset by matching data from consecutive years. When available, we use a firm's unique permanent ID (known in China as the 21 The database is called 工业企业数据库 in Chinese, whose direct translation is "Industrial Enterprises Database." In earlier papers published in leading academic journals, it has been called the "China Industrial Survey" (e.g., Hsieh and Klenow (2009) ).
Legal Person Code 22 ) to trace the firm over time. Unfortunately, this ID is often missing in the Industrial Enterprises Database as firms sometimes omit this field in their survey reports. In those instances, we follow prior literature and use a combination of five variables to identify firms: company name, sector code, province, city, and address. 23 Erring on the side of caution, all five variables need to match exactly for us to consider two records to be from the same firm. We then rely on two data items to identify SOE privatizations. First, when available, we use the detailed equity ownership information in the "Financial Information" section of the database. information is not available, we use the field entitled "Capital Holding Situation" in the "Basic Information" section of the database, in which firms identify themselves as either SOEs or other.
We consider a privatization to have occurred if this status changes from SOE to other ownership. 25 Table 2 summarizes our privatization sample by year (before being matched to the IPR data, whichas noted abovecovers only 25 provinces). An overwhelming majority of the 22 According to Chinese law, a legal person is an organization that is incorporated in accordance with the law and that has its own assets, name, and address, exercises civil rights and assumes civil legal liabilities on its own, independent of its members. In essence, the notion of a legal person organization is similar to the notion of a limited liability firm in the west. To further allay the concern that privatization events may be related to systematic changes in key firm attributes, Table 3 compares key firm characteristics in the year before privatization with the year after. We examine firm size (measured as the logarithm of total assets in RMB), the ratio of intangible assets to total assets, return on assets (calculated as net income divided by total assets), and leverage (calculated as total debt divided by total assets). All ratios are expressed in decimal points. The table reveals no meaningful changes in any of these statistics.
D. Other Data
In our regression analysis, we use a number of control variables, such as annual provincelevel GDP growth and university density (the number of four-year colleges per 100,000 population). These data come from the Chinese Annual Statistical Yearbooks. 27 Firm-level 26 We miss some privatization events because of gaps in the databases and because these databases do not cover all Chinese firms. Our stringent firm identification criteria mean that our sample errs on the conservative side. The sample in Gan, et al. (2008) for a list of our data sources.
II. Findings
A. Baseline Results
We begin by examining the univariate relationship between ownership type and innovation. Table 4 compares the five-year average patent stock before privatization with the five-year average after. Privatizations are positively related to innovation. Not only are the results statistically significant, but the economic magnitudes are also large: the average patent stock increases from 0.416 before privatization to 1.495 afterwards, an increase of over 250%
(1.495/0.416-1).
Finding that private firms are more innovative is unsurprising in a Western context, where private ownership and decentralized decision-making is often associated with better management (e.g., Bloom and Van Reenen (2007) ). But it is noteworthy in the Chinese context.
With poor property rights and weak rule of law, it is not clear a priori that private firms would have stronger incentives to innovate than SOEs, as they are ill-protected from expropriation. The fact that even in China private ownership increases innovation suggests the power of incentives.
Next, we focus on the central question of this paper: What is the interactive effect of ownership type and IPR protection on innovation? Are private firms more sensitive to IPR protection than SOEs? If so, we should find that the increase in post-privatization innovation is larger in regions with stronger IPR protection than in regions with weaker protection. Table 5 presents the results of a difference-in-difference analysis where we compare the post-privatization increase in firms' patent stock across prefectures with high and low IPR protection (that is, an IPR score above or below the median score) in the year of the privatization.
We report the average patent stock in the five years before and five years after privatization.
Panels A, B, and C report the results for all patents, invention patents, and utility patents, respectively. All panels reveal a consistent pattern:
 First, firms' patent stock always increases significantly after the privatization, which is consistent with results in Table 4 . The ratio of after/before patent stock is generally between 3 and 4, implying an increase of between 200% and 300%.
 Second, both before and after privatization, the patent stock is higher in high IPR protection regions than in low IPR protection regions. The differences are large economically and statistically. For instance, even before privatization, firms' total patent stock (Panel A) is over three times higher in high IPR protection regions than in low IPR protection regions (0.579 versus 0.177). Firms' invention patent stock (Panel B) is more than four times higher in high IPR protection regions than in low IPR protection regions (0.219 versus 0.047).
 The post-privatization increase in patent stock is significantly larger in high IPR protection regions than in low IPR protection regions. The magnitudes of the differences are large. Overall patent stock (Panel A) more than quadrupled after privatization in regions with high IPR protection (2.474 versus 0.579), and it nearly tripled in regions with low IPR protection (0.528 versus 0.177). While patent stock growth rates are high across the board, the difference between high and low IPR protection regions is significant.
In Table 6 , we estimate panel regressions to control for additional factors that could confound the difference-in-difference analysis. The sample consists of firm-year observations of firms that have undergone a privatization between 2002 and 2011. For each privatization event,
we use five years of data before and five years of data after the event. The key regression we estimate is the following:
( )
The dependent variable is the (natural logarithm) of (one plus) a firm's patent stock in year t.
POST is an indicator variable that takes on the value of one for years after privatization and zero otherwise; IPR is the measure of the IPR score in the prefecture where the firm is located in year t-1; and POST × IPR is the interaction between the two variables. Control variables include firm level characteristics measured at the end of year t-1: size (expressed as the logarithm of assets measured in RMB), intangible assets (as a fraction of total assets), return on assets (defined as net income divided by total assets), leverage (defined as total debt divided by total assets), and age (the number of years since the firm's inception). Province-level controls include GDP growth from years t-1 to t (in decimals), university density in year t-1 (measured as number of four-year universities per 100,000 population), and the increase in government R&D subsidies (calculated as the change in the amount of government R&D subsidy from year t-1 to t divided by the provincial GDP in year t-1). 28 We also include industry and province fixed effects. In one specification, we also include firm fixed effects. Standard errors are clustered by province.
The results in Table 6 are consistent with those in Tables 4 and 5. In model (1), both the POST and the IPR variable are positive and significant, indicating that better IPR protection and private ownership are both positively associated with innovation. In models (2) through (4), the key variable of interest-the interaction term between the POST and IPR protection measures-is positive and significant, indicating that the post-privatization increase in innovation is larger when local IPR protection is stronger. The magnitude is large. For instance, at the median IPR value of 0.65 between 2002 and 2006 (the peak of the privatization wave), the coefficients of the POST dummy and the POST × IPR interaction term in model (2) Overall, the results in this section are consistent with the Schumpeterian view: within China, both private ownership and IPR protection are conducive to innovation. Importantly, the effect of privatization on innovation is highly influenced by local IPR protection; privatization has essentially no effect on innovation when IPR protection is weak, and a moderate increase in IPR protection can lead to large gains in post-privatization innovation. This is strong evidence that private sector innovation in China is particularly sensitive to IPR protection.
B. Nationalizations
So far, we rely on SOE privatizations to identify the causal effect of private ownership and IPR protection on innovation. If these results are robust, we would expect to see the opposite pattern in the (relatively rare) incidences of nationalizations, when the state takes control of a firm. Specifically, if the combination of private ownership and strong IPR protection is conducive to innovation, we should find that the reduction of innovation would be particularly severe when a firm in a region with high IPR protection becomes nationalized. In other words, in estimating the same type of regression as in Table 6 on a sample of nationalization events, we expect the interaction term between nationalization and IPR protection to be negative.
We collected nationalization events in the same way as we identified privatizations. We found 252 cases of nationalizations in our sample (218 cases involved unlisted firms and 34 cases involved listed firms). We employed the same methodology and set of variables as in Table   6 , reporting the results in Table 7 . Consistent with our hypothesis, we find that indeed the interaction term between IPR protection and the nationalization indicator is negative, indicating that nationalization is particularly detrimental to innovation in regions with high IPR protection.
The economic magnitude implied by the coefficient estimates is in line with, if not larger than, the privatization results in Table 6 . Using coefficient estimates in model (5) of Table 7 with firm fixed effects, a similar set of calculations as before shows that, on average, firms' patent stocks increase slightly (by 0.02, which is calculated as 0.29 -0.403*0.65) after nationalization.
However, a one standard-deviation increase in local IPR protection leads to a predicted negative effect of -0.04 (0.29 -0.403*(0.65+0.179)), indicating a reduction of patent stock post nationalization. Nationalizations thus have an especially detrimental effect on innovation for firms from high IPR regions. These results are the mirror image of the privatization analysis, providing support to the Schumpeterian view.
C. Instrumental Variables Regression
In our empirical design, we use a survey-based IPR protection measure to capture directly the perceived quality of local IPR protection. While this survey-based measure alleviates reverse causality concerns that some other measures face, it is not ironclad.
To address these concerns, in this section we use instrumental variable (IV) regressions to provide a further check on the robustness of our results. We borrow from Ang, Cheng, and Wu (2014) and use two province-level instruments for IPR protection. The first is the number of Christian colleges founded by missionaries in a province by 1920 (Stauffer, Wong, and Tewksbury (1922) (Yang and Ye (1993) ).
through IPR protection, once other regional factors that could affect innovation have also been controlled for. and other province level variables to predict IPR protection score. The results show that both instruments are highly significant in predicting IPR protection. The F-test for instrument strength is highly significant (an F-statistic of 143.84, with a p-value of 0.000), indicating the two instruments are strong.
In the second stage, the unit of observation is (as in Table 6 ) annual observations of each privatized firm for the five years before and the five years after the privatization. The dependent and independent variables are identical to those in regressions (1) through (3) of Table 6 , except that here we employ the instrumented value of the IPR protection measure. Table 6 , the key interaction term between POST and the instrumented IPR has a positive sign, meaning that local IPR protection significantly moderates the effect of privatization on innovation: strong IPR protection makes privatizations more conducive to innovation. The magnitudes are in line with the baseline. The mean instrumented value of IPR score is 0.65, and its standard deviation is 0.067. Therefore, based on model (1) estimates, the mean post-privatization change in innovation is essentially 0 (-0.34+0.523*0.65). With a one standard-deviation increase in the (instrumented) IPR score, the effect increases to 0.035 (-0.34+0.523*(0.65+0.067)). These estimates suggest that the post-privatization gains in innovation are concentrated in regions with high (above average) IPR protection; in regions with low IPR protection, the gain is negligible. Finally, the Sargan-Hansen test for over-identifying restrictions does not reject the null hypothesis that the residuals are uncorrelated instruments.
Consistent with
Overall the IV regression analysis in this section confirms our baseline finding.
III. Patent Quality
The analysis so far focuses on the quantity of patents, but this is hardly the only important measure of innovation. Since the pioneering work of Griliches (1990) , it has been widely recognized that patent quality varies significantly. Even though privatized firms generate more patents, this proliferation may not represent a boost to innovation if they are filing trivial patents. Private business owners may be more likely to file for trivial patents to "game the system," for instance, in the hopes of impressing prospective investors, or in the Chinese context, being classified as "high tech" and gaining a government subsidy. Thus, it is important to assess the quality of the patents.
To do so, we collected the global patent application and citation data for the 331 firms publicly listed firms in China with the most Chinese patents. 31 Of these 331 firms, 162 are SOEs (49%) and 169 (51%) private enterprises. We look at data across multiple patent offices rather than just using U.S. filings, because a relatively modest share of Chinese firms' patents have been filed in the U.S. To analyze these, we use data from Patent Sight GmbH, which has compiled a rich array of information on global patent families (a patent family includes all versions of a given patent filed in different national or regional patent offices). These data allow us to compare patent quality across firm types and over time. Firms are classified as SOEs or private firms based on their status in the year of the first publication of the patent (which typically occurs 18 months after filing) according to the methodology described above.
We concentrate on a number of key measures:
 "Citations received per patent" is the number of citations received worldwide per patent family owned by each firm as of year-end 2014. This is akin to the typical measure of importance, as explored in Jaffe and Trajtenberg (2005) and many subsequent works.
 "IPC groups per patent" is the mean number of IPC groups that each patent family has been assigned to (a proxy for patent scope, as in Lerner (1994)).
 "% patents active in the U.S./Japan/European Patent Offices (EPO)" is the fraction of a firm's patent families awarded through that date that have patents that are pending and/or are granted in the respective patent offices as of year-end 2014. "% patent active in WIPO" is the share of the firm's patents active under the Patent Cooperation Treaty as of
year-end 2014. 32 Again, the extent of patent families has been used as a proxy for patent importance by Lanjouw, Pakes, and Putnam (1998) and subsequent authors.
We examine these patterns using all patents (in Panel A), those first published between the beginning of 1990 and the end of 2005 (Panel B), and those first published between 2006 and 2014 (Panel C). We use 2006 as a division since our earlier evidence shows that 2006 was a critical transition year. Table 9 shows the results. When we examine the overall sample, we see that private firms' patents, far from being of lower quality, actually have significantly more citations and fall into more four-digit IPC groups (a proxy for broader scope). Moreover, they are significantly more likely to be still active in the U.S. and at the WIPO. The results regarding citations and patents active in the U.S. are statistically significant in both time periods examined; the remaining results are only present in the 2006-2014 period. (The result regarding the greater tendency of SOE patents in the later period to be active in Japan is harder to explain.) In short, the results are inconsistent with the notion that the growth of private firm patenting is due to a proliferation of low-quality awards: if anything, the opposite pattern is at work.
IV. Conclusion
In this paper, we study how intellectual property right protection affects innovation in China in the years around the privatizations of state-owned enterprises. Focusing on SOE privatizations allows us to use a difference-in-difference approach to identify the causal impact of ownership type (state-owned versus private) and IPR protection on innovation.
Consistent with the Schumpeterian view of the role of institutions, we find two main results. First, within China, privatizations are associated with an increase in innovation. Firms' mean patent stocks are 200%-300% larger in the five years after privatizations, compared to the five years before. Second, local IPR protection is a significant moderator of this relationship: A one standard-deviation increase in local IPR protection score almost quadruples the postprivatization increase in patent stock. In fact, nearly all the post-privatization increase in patenting is achieved by firms in regions with high IPR protection standards.
Our results contribute to the literature in two ways. First, these results address the "China puzzle": the perception that China is an outlier in the law and finance framework. Our singlecountry focus and unique identification technique suggest a more normal relationship between institutions and economic outcomes, one that is more consistent with the Schumpeterian views on institutions and growth.
Our second contribution is the policy implications of our results. Innovation today is a matter of first-order importance to China and its leaders. In order to successfully transition the country from a development model that is dependent on cheap labor and physical investments to one that is innovation-driven, our results suggest that the role of the private sector will be crucial, as private firms are more innovative both in terms of quantity and quality of patents. For innovation in the private sector, legal institutions appear critical.
Figure 1. Intellectual Property Protection in China: Geographic Variation
This map depicts the regional variation in IPR protection across mainland Chinese provinces. The IPR protection data are from 2002-2011 and are at the prefecture-year level. We calculate province-level results using averages of prefectures within each province every year, and then calculate and graph the time-series averages of each province.
Figure 2. IPR Score Over Time
This figure plots the mean IPR scores across prefectures over time. The IPR score data are from the Chinese Academy of Social Sciences and its calculation is detailed in the text. Prefectures in the high (low) IPR group are those whose IPR scores are above (below) the median each year. 
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Figure 4. Policy Trends: Privatization vs. Innovation
This figure plots the frequency of media mention of the key words "Innovation" and "Privatization" in all the "Daily" newspapers-the official publications of provincial governments in China. The numbers are calculated by dividing the number of articles that contain each type of key word with the number of total articles in a given year, averaged across all provinces. Shanxi is for 陕西 in Chinese. These two Chinese provinces have the same phonetic spelling (Chinese pinyin) but with different intonations. We adopted a slightly different spelling to make the distinction. This table reports the results of a difference-in-difference analysis where we compare the increase in patent stock before and after privatizations in prefectures with high and low IPR protection. The numbers tabulated are the average patent stock in the five years before and five years after privatization. High (low) IPR protection is based on whether a prefecture's IPR score is above (below) the median score in the year of a privatization event.*, **, *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. For each privatization event, we use five years of data before and five years of data after the event as observations. The key regression we estimate is:
The dependent variable is the (natural logarithm) of (one plus) a firm's patent stock in the year t. POST is an indicator variable that takes on the value of one for years after privatization, and zero otherwise; IPR is the measure of the IPR score in the prefecture where the firm is located in year t-1; and POST IPR is the interaction between the two variables. Control variables include firm level characteristics measured at the end of year t-1: size (expressed as the logarithm of assets measured in RMB), intangible assets (as a fraction of total assets), return on assets (defined as net income divided by total assets), leverage (defined as total debt divided by total assets), and age (the number of years since the firm's inception). Province-level controls include GDP growth from years t-1 to t (in decimals), university density in year t-1 (measured as number of four-year universities per 100,000 population), and the increase in government R&D subsidies (calculated as the increase in the amount of government R&D subsidy from years t-1 to t divided by the provincial GDP in year t-1). Standard errors are clustered by province. P-values are in parentheses. *, **, *** indicates statistical significance at the 10%, 5%, and 1% level, respectively.
( For each nationalization event, we use five years of data before and five years of data after the event as observations. The key regression we estimate is the following:
The dependent variable is the (natural logarithm) of (one plus) a firm's patent stock in the year t. POST is an indicator variable that takes on the value of one for years after nationalization, and zero otherwise; IPR is the measure of the IPR score in the prefecture where the firm is located in year t-1; and POST IPR is the interaction between the two variables. Control variables include firm level characteristics measured at the end of year t-1: size (expressed as the logarithm of assets measured in RMB), intangible assets (as a fraction of total assets), return on assets (defined as net income divided by total assets), leverage (defined as total debt divided by total assets), and age (the number of years since the firm's inception). Province-level controls include GDP growth from years t-1 to t (in decimals), university density in year t-1 (measured as number of four-year universities per 100,000 population), and the increase in government R&D subsidies (calculated as the increase in the amount of government R&D subsidy from years t-1 to t divided by the provincial GDP in year t-1). Standard errors are clustered by province. P-values are in parentheses. *, **, *** indicates statistical significance at the 10%, 5%, and 1% level, respectively.
( Table 8 
. Instrumental Variables (IV) Regression
This table reports IV regression results. In the first stage, we predict IPR scores using two instrumental variables: Christian College (the number of colleges founded by Christian missionaries in a province before 1920) and British Settlement (a dummy variable that equals one if the province had a British concession in the Qing Dynasty and zero otherwise). In the second stage, the unit of observation is (as in Table 6 ) annual observations of each privatized firm for the five years before and the five years after the privatization. The dependent and independent variables are identical to those in regressions (1) through (3) of Table 6 , with the exception that we employ the instrumented value for the IPR protection measure. P-values are reported in parentheses. *, **, *** indicates statistical significance at the 10%, 5%, and 1% levels, respectively. The table presents global patent application and citation data for the 331 publicly listed firms in China with the most Chinese patents. Of these 331 firms, 162 are SOEs (49%) and 169 (51%) private enterprises. "Citations received per patent" is the number of citations received worldwide per patent family owned by each firm as of year-end 2014. "IPC groups per patent" is the mean number of IPC groups that each patent family has been assigned to (a proxy for patent scope). "% patents active in U.S./Japan/European Patent Offices (EPO)" is the fraction of a firm's patent families awarded through that date that have patents that are pending and/or are granted in the respective patent offices as of year-end 2014. "% patent active in WIPO" is the share of the firm's patents active under the Patent Cooperation Treaty as of year-end 2014. We examine these patterns using all patents (in Panel A), those first published between the beginning of 1990 and the end of 2005 (Panel B), and those first published between 2006 and 2014 (Panel C).*, **, *** indicates statistical significance at the 10%, 5%, and 1% level using a one-tailed test, respectively. 
